Objective: To evaluate dietary quality of European and American elderly subjects using different derivatives of dietary patterns (dietary scores and clusters) and to investigate the relationship of these approaches to nutritional and lifestyle factors. Design: Data from the cross-sectional SENECA baseline study and Framingham Heart Study (original cohort and offspring) were used for data analysis. Food intake data were summarised into dietary clusters and into dietary scores (Healthy Diet Indicator and Mediterranean Diet Score). These measures of dietary quality were then tested for associations with lifestyle factors and measures of nutritional status. Subjects=Setting: The study population, aged 70 -77 y, consisted of 828 subjects from Framingham, MA (USA) and 1282 subjects from the following European centres: Hamme, Belgium; Roskilde, Denmark; Padua, Italy; Culemborg, The Netherlands; Vila Franca de Xira, Portugal; Betanzos, Spain; and Yverdon, Burgdorf and Bellinzona, Switzerland. Results: Dietary intake varied widely across the European and American research centres. In general, Southern European centres and Framingham had higher mean diet scores, indicating a higher dietary quality, than Northern European centres (MD-scores: 4.2 -4.4 vs 2.7 -3.5). Cluster analysis identified the following five dietary patterns characterised by: (1) sugar and sugar products; (2) fish and grain; (3) meat, eggs and fat; (4) milk and fruit; and (5) alcohol intake. The meat, eggs and fat pattern had significantly lower average dietary quality, as measured with all three diet scores than all other groups except the alcohol group. The fish and grain group had significantly better Mediterranean diet scores than all other groups. Conclusions: Dietary scores and dietary clusters are complementary measures to classify dietary quality. The associations with nutritional and lifestyle factors indicate the adequate categorisation into dietary quality groups.
Introduction
In addition to single dietary components or nutrients, measures of overall dietary patterns are important in investigating the relationship between diet and health status (Kant, 1996; Trichopoulou et al, 1995a; Huijbregts et al, 1997a) . While the approach of dietary patterns seems to have many applications in nutritional research, no 'gold standard method' has been developed to assess these dietary patterns (Oltersdorf et al, 1999) . Therefore, more knowledge about dietary patterns is needed to relate diet to health status for identifying groups at nutritional risk.
To make dietary patterns operational, two common methods are cluster analysis (Akin et al, 1986; HavemanNies et al, 1998; Hulshof et al, 1992; Schroll et al, 1996; Tucker et al, 1992) and calculation of diet scores (Haines et al, 1999; Kennedy et al, 1995; Lasheras et al, 2000; Osler & Schroll, 1997; Patterson et al, 1994; Trichopoulou et al, 1995b) . Cluster analysis explores the categorisation of persons into groups on the basis of similarity in food intake (for example alcohol drinkers; milk, cereal and fruit eaters). Diet scores are based on dietary guidelines and are applied to identify groups with good or poor nutritional status. In Europe and the United States, existing measures of overall dietary quality include the Diet Quality Index (Revised) (Haines et al, 1999) , Healthy Eating Index (Kennedy et al, 1995) , Mediterranean Diet Score Trichopoulou et al, 1995b) and the Healthy Diet Indicator (Huijbregts et al, 1997a) . These diet scores differ in diet components, scoring rates and definition of cut-off values. In spite of these differences, diet scores as well as cluster analysis have been shown to be useful tools to identify groups with different nutritional status (Haines et al, 1999; Huijbregts et al, 1997b; Trichopoulou et al, 1995a; Tucker et al, 1992) .
This article evaluates the dietary patterns of 1282 European subjects from the SENECA study and 828 American subjects from the Framingham Heart Study. These datasets permit us to calculate two European scores: the Healthy Diet Indicator and the Mediterranean Diet Score. We used these scores and cluster analysis to relate dietary quality to nutritional status and lifestyle factors.
Methods

Subjects
Subjects, aged 70 -77 y, were selected from the American Framingham Heart Study and the European SENECA (Survey in Europe on Nutrition and the Elderly: a Concerted Action) study. The Framingham Heart Study, initiated in 1948, is a longitudinal study to examine risk factors for heart disease. The study population, aged 30 -62 y at baseline, was selected at random from residents in Framingham, Massachusetts (F=MA). These predominantly white subjects and later on, their offspring are followed in 2 -4 y cycles. For the present study, 828 elders from the original cohort (cycle 20, data collection between 1988 and 1990 ) and the offspring cohort (cycle 5, data collection between 1991 and 1994) were included. In this population, the age range of 70 -77 y was selected to match that of the SENECA participants. Data for the 1282 European subjects of SENECA's baseline study were collected in 1988 -1989 from a random age and sex-stratified sample of inhabitants from the following small European towns: Hamme, Belgium (H=B); Roskilde, Denmark (R=DK); Padua, Italy (P=I); Culemborg, The Netherlands (C=NL); Vila Franca de Xira, Portugal (V=P); Betanzos, Spain (B=E); and Yverdon=Burgdorf=Bellinzona, Switzerland (Y, Bu, Be=CH) .
Both studies included mostly non-institutionalised elders, ranging from 89% in Framingham, MA to 100% in Padua. The representation of men and women was almost equal in all centres (ranges 43 -57%). For a detailed description of the Framingham Heart Study and SENECA's baseline study, see elsewhere (Dawber et al, 1951; De Groot & van Staveren, 1988) .
Assessment of food and nutrient intake
In the Framingham Heart Study, nutrient and food group intake were measured with the Willett 126-item semiquantitative food-frequency questionnaire (FFQ). This questionnaire has been extensively validated against diet records and biochemical indicators (Jacques et al, 1993; Rimm et al, 1992; Willett et al, 1985) . The food-frequency questionnaire was mailed to subjects for completion at home and checked during their clinic visit. The food frequency questionnaire directed subjects to estimate their usual intake of a standardised portion of a given food item. Nine non-overlapping response categories, ranging from 'never, or less than once per month' to ' ! 6 times per day', were provided.
In the SENECA study, food intake data were collected by trained personnel using the modified dietary history method (De Groot & van Staveren, 1988) . This method is characterised by a 3 day estimated record and a frequency checklist of foods, based on the meal pattern of the country. Portion sizes were based on standard portion sizes and=or checked by weighing. Foods were coded and analysed for nutrient composition in each participating centre separately, using country-specific food composition tables ( Van't Hof et al, 1991) . In both studies, the food and nutrient variables used for this analysis did not incorporate supplemental intake.
Food groups and dietary scores
To make food intake data of the Framingham Heart Study comparable to food intake data from SENECA's baseline study, 12 food groups, based on the EUROCODE system (Arab et al, 1987) were defined for both studies. Table 1 describes the composition of these 12 nutrient-specific food groups: (1) grains; (2) milk and milk products; (3) fruit and fruit products; (4) eggs; (5) meat and poultry; (6) fish= shellfish; (7) vegetables; (8) fats=oils; (9) legumes= nuts=seeds; (10) sugar and sugar products; (11) non-alcoholic beverages; and (12) alcoholic beverages. All food items not belonging to one of these 12 food groups (such as soups, sauces and spices) were not used for further analysis.
In this study, the following diet scores were calculated: the Healthy Diet Indicator (HDI) and two Mediterranean Diet Scores (MDS). The HDI consisted of the following nine food=nutrient groups: saturated fatty acids; poly-unsaturated fatty acids; protein; complex carbohydrates; dietary fibre; fruit and vegetables; pulses=nuts=seeds; mono-and disaccharides; and cholesterol. A dichotomous variable was generated for each of these groups. If a person's intake was within the recommended borders of the WHO guidelines (1990) for the prevention of chronic diseases, this variable was coded one and if the intake was outside these borders, it was coded zero. Summation of all these dichotomous variables resulted in the healthy diet score (range 0 -9). Since the high alcohol intake in some Southern European centres would lead to a diluting effect on macronutrient intake compared to the other countries, macronutrient intake was calculated as a percentage of energy intake without energy provided by alcohol (Huijbregts et al, 1997a) . Two participants were excluded because of methodological errors in the calculation of energy and nutrient intake. For a detailed description of the HDI, see Huijbregts et al (1997a) .
The Mediterranean diet score was described by the following diet items: monounsaturated: saturated fat ratio; alcohol; legumes; cereals; fruit and nuts; vegetables; meat and meat products; and dairy products (range 0 -8). We replaced the group 'legumes' by the group 'legumes= nuts=seeds' and the group 'fruit and nuts' by the group 'fruit'. Two Mediterranean diet scores were composed, one was based on the traditional Greek Mediterranean diet using the sex-specific median intake values of a Greek population as cut-off values (GMDS) and the other score was based on the sex-and study-specific median intake values of the research population (FS-MDS). If the subject's intake was comparable to the Mediterranean diet, the diet item was coded one and if the intake was not in agreement with the Mediterranean diet, it was coded zero (for example, if fruit intake was above the median value it was coded one, and if it was below the median intake it was coded zero). Summation of these dichotomous variables resulted in a high score for a Mediterranean-like diet and a low score for other diets. For both Mediterranean scores, intake values were adjusted to daily intakes of 10.5 MJ (2500 kcal) for men and 8.4 MJ (2000 kcal) for women. For more details see Trichopoulou et al (1995a) .
Lifestyle factors and nutritional status indicators
Information on lifestyle factors was collected with a general interview and nutritional status was assessed by blood examination and anthropometric measurements. For the Framingham Heart Study and SENECA's baseline study, similar answer categories could be defined for self-perceived health. The questions on smoking habits differed in focusing on smoking in general (SENECA) or smoking of cigarettes (Framingham). Subjects were classified as current (cigarette) smokers or non-smokers. To quantify physical activity, the Framingham physical activity index was used in the Framingham Heart Study and the preliminary version of the Voorrips-score was used in SENECA's baseline study (Kannel & Sorlie, 1979; Voorrips et al, 1990) . Both questionnaires included questions on duration and intensity of different daily activities. For both main studies sex-specific tertiles (low, moderate and high physical activity) were composed. Body mass index (BMI) was calculated as measured weight (kg) divided by height (m) squared at time of examination. Weight, height and waist circumference measurements are described in detail elsewhere (Dawber, 1980; De Groot & van Staveren, 1988; De Groot et al, 1991) . In the Framingham study and SENE-CA's baseline study, blood samples were collected and analysed for blood haemoglobin and serum albumin following standardised procedures, described in detail elsewhere (Dawber, 1980; De Groot & van Staveren, 1988; Dirren et al, 1991) . Three subjects were eliminated from the calculation of haemoglobin, because of extreme values (Dirren et al, 1991) .
Statistical analysis
Statistical analyses were carried out using the SAS statistical software package (version 6.12, 1989 -1996 , SAS Institute Inc., Cary, NC). The Wilcoxon rank sum test was used to evaluate differences in age, BMI, waist circumference, haemoglobin and serum albumin and the chi-square test was used to evaluate differences in BMI categories, smoking and self-perceived health between men and women. Cluster analysis was used to divide the study population into a limited number of clusters with maximally differing dietary patterns. This analysis was based on the daily intake (g=day) of the food groups described in Table 1 , with the exclusion of the group non-alcoholic beverages and the replacement of total fat intake for the food group fats=oils. The food group non-alcoholic beverages was excluded, because the nutrient composition of the food items in this group varied highly (juices as well as carbonated beverages (regular and light)) and the intake of non-alcoholic beverages in Vila Franca de Xira was underreported (water per se was not recorded). The large difference in intake of the group fats=oils between the two studies is probably caused by the inability to include fat for cooking in the group oils=fats in the Framingham study and the focus of the FFQ on prepared items. For this reason the more reliable nutrient-group total fat intake was used for cluster analysis. Intakes of 11 food=nutrient groups were standardised to the mean energy intake of the Framingham and SENECA study separately to adjust for individual variation in energy needs, related to differences in gender, body size and activity level. Since variables with large variances tend to have more effect on the resulting clusters than the variables with small variances, data were transformed to Z-scores (mean zero and standard deviation one) to adjust for unequal variances of the variables. Ward's minimum variance method was used to compose clusters with a minimum of internal variance. We ran the clustering procedure for two to 10 clusters and the five cluster solution with energy adjusted variables transformed to Z-scores yielded the most characteristic and interpretable clusters (SAS Institute Inc., 1990; Hair et al, 1992) . Analysis of variance followed by the Tukey multiple comparison test was used to test for differences in diet scores between dietary clusters.
The Wilcoxon rank sum test was used to test for differences in diet scores (HDI and FS-MDS) between smokers and non-smokers in Framingham and the Northern and Southern European centres. The Kruskal -Wallis test was used to test differences between the three activity tertiles.
To investigate the relationship between diet groups (HDI, FS-MDS, clusters) and nutritional status, regression analysis (PROC GLM) was carried out. Four indicators for nutritional status were selected: serum albumin, haemoglobin, BMI and waist circumference. Adjustments were made for age at baseline, sex, smoking, physical activity and country. Dummy variables for the categories of smoking, physical activity and country were used in the analyses. Possible interactions of diet groups with the confounders were tested by including the product terms (diet variable Âconfounder) in the regression model. In Table 7 least square means and P-values are presented. Table 2 describes some characteristics of male and female participants from the Framingham Heart Study and the SENECA study. Men were more likely to smoke than women. In Hamme, Roskilde and Betanzos almost half of the men were smokers. More women, especially in Hamme, Culemborg and Betanzos, were obese (BMI>30 kg=m 2 ) than men. Men, particularly from Hamme, Padua and Betanzos, were more positive about their own health status than women. In Vila France de Xira, the percentage of men and women that judged their own health as 'good' was very low (men, 28%; women, 12%). In Framingham, the highest percentages of men (87%) and women (89%) reported their health as 'good'. In general, blood measurements indicated that the majority of the study population were in good health, but healthy lifestyle factors and subjective health status varied extensively between sexes and centres. Table 3 shows the average daily intake of energy, macronutrients and vitamins=minerals of the American and European research centres. Energy intake ranged from 7.4 MJ=day in Framingham to 10.4 MJ=day in Betanzos. While men had a higher mean energy intake than women, the contribution of fat, carbohydrates, protein and alcohol to total energy intake was the same for both sexes (data not shown). In Europe, two main macronutrient profiles appeared: a Northern profile (H=B; R=DK; C=NL; Y, Bu, Be=CH) where fat and carbohydrates contributed similarly to total energy intake, and a Southern profile (P=I, V=P, B=E) where carbohydrates delivered a higher energy percentage than fat. Fat and carbohydrate intakes of the Framingham elders were comparable to the Southern profile. The high intake of carbohydrates in the Southern centres was attributable to the high intake of In the Southern centres, total fat intake consisted of relatively low amounts of saturated fat and high amounts of monounsaturated fat (ms ratio >1.0) in comparison to the Northern centres (ms ratio <1.0). No geographical pattern was observed for the intake of polyunsaturated fat. In Table 3 micronutrient intake unadjusted for energy intake is presented. These data as well as energy-adjusted data indicate that the Framingham elders had higher vitamin intakes than the Europeans. The macro-and micronutrients presented in Table 3 are related to the intake of the nutrient-specific food groups presented in Table 4 .
Results
Vitamin C intake and consumption of fruit and fruit products was low in Roskilde and high in Betanzos. A high intake of cholesterol in Roskilde was associated with a high consumption of eggs and a high intake of mono=disacchar-saccharides in Culemborg with a high intake of sugar and sugar products. The consumption of some food groups was characteristic for Northern or Southern centres, for example the consumption of grains and fish=shellfish was high in (7) 44 (6) 55 (7) 44 (6) 57 (8) 51 (11) 43 (6) mono=disaccharides 21 (7) 19 (6) 17 (6) 24 (6) 24 (6) 19 (7) 15 (8) 22 (6) polysaccharides 34 (6) 25 (6) 22 (4) 31 (8) 20 (4) 38 (9) 36 (13) 21 (5) total fat 31 (6) 43 (7) 43 (6) 34 (6) 42 (7) 27 (6) 37 (10) 43 (6) saturated fat 11 (3) 17 (5) 17 (4) 12 (3) 17 (3) 8 (3) 11 (4) 17 (4) monounsaturated fat 11 (3) 16 (5) 15 (4) 14 (3) 15 (3) 10 (3) 17 (7) 16 (3) polyunsaturated fat 6 (2) 9 (5) 6 (2) 5 (3) 7 (3) 3 (1) 6 (5) 7 (3) protein 17 (4) 14 (3) 13 (2) 15 (2) 15 (3) 18 (3) 17 ( 233 (118) 295 (113) 354 (139) 230 (107) 306 (114) 214 (108) 312 (148) 294 (116) Alcohol intake (g)
10 (17) 12 (19) 11 (14) 26 (29) 7 (12) 12 (22) 20 (37) 10 (14) Fibre (g) 24 (10) 22 (8) 22 (8) 19 (7) 26 (8) 26 (11) 21 (11) 154 (82) 104 (58) 72 (41) 110 (68) 129 (50) 107 (66) 191 (131) 115 (60) Calcium (mg) 718 (351) 727 (295) 1211 (419) 781 (358) 1147 (368) 731 (443) 1020 (457) 1012 ( Vila Franca de Xira and Betanzos, consumption of fruit and fruit products was high in Padua and Betanzos and the consumption of sugar and sugar products was high in Hamme and Culemborg. Further, the use of wine was characteristic for the Southern centres while in the Northern centres drinking of beer was more common. Although the consumption of some food groups was related to the location of the research centres, intakes of some food groups (milk and milk products, vegetables) were not specific for Northern or Southern centres. The food group intake of the Framingham subjects was not characteristic of either a Northern or Southern European diet. Table 5 gives a description of the five composed clusters. Cluster 1, dominated by subjects from Culemborg and Framingham, was characterised by a high intake of sugar and sugar products and legumes=nuts=seeds and a moderate intake of other food groups. In cluster 2 participants of the Southern centres with a high intake of fish= shellfish and grains were grouped. The third cluster was characterised by high intakes of fat and of the food groups meat and poultry and eggs of persons from particularly the Northern centres. The milk and fruit cluster, with mainly women (65%) from all centres, had high intakes of vitamins and calcium, while the alcohol cluster was dominated by men (89%) and had the lowest intakes of vitamins and calcium.
In addition to the presentation of single food groups, Table 4 describes the mean scores of the summarised diet indicators. In general, Southern centres had more favourable mean diet scores than Northern centres. In particular, the Mediterranean diet score (FS-MDS) based on median values of the research population, differentiated all Southern centres (P=I; V=P; B=E) and Framingham=MA from the Northern centres (H=B; R=DK; C=NL; Y, Bu, Be=CH). Mean diet scores are also presented for the five clusters (Table 5 ). The meat and fat cluster had a lower mean HDI in comparison to the other four clusters. The two Mediterranean diet scores were both the highest for the fish and grain cluster and the lowest for the meat, eggs and fat and alcohol cluster. The three diet scores were significantly correlated in the total population as well as in the distinct centres (range r ¼ 0.38 -0.69; P 0.05). Table 6 shows mean FS-MD-scores for smokers and non-smokers and subjects of three activity tertiles in Framingham and the Northern and Southern SENECA centres. No results on smoking are presented for women from the Southern centres, because in Betanzos and Vila Franca de Xira none of the women smoked. In the remaining centres the male and female non-smokers had a higher mean FS-MD-score than smokers in the three regions. Active men from Northern centres and women from Northern and Southern centres tended to have higher diet scores than less active persons. As an exception, active men of Southern centres had lower FS-MD-scores than less active men. No relationship between the diet scores and activity pattern was observed in Framingham. The mean HDI scores for smokers and non-smokers and for subjects of the three activity tertiles pointed in the same direction. Table 7 demonstrates indicators of nutritional status for different dietary quality groups. Albumin and haemoglobin 1911 (605) 1903 (735) 2084 (595) 1826 (613) 2185 (641) Food=nutrient groups (g): grains 172 (86) 310 (176) 183 (80) 169 (92) 171 (93) alcoholic beverages 61 (100) 99 (159) 126 (176) 74 (129) 911 (423) milk and milk products 200 (169) 218 (175) 289 (213) 403 (293) 142 (147) fruit and fruit products 179 (129) 216 (149) 163 (126) 349 (251) 165 (148) eggs 12 (11) 10 (11) 18 (22) 10 (11) 15 (15) meat and poultry 97 (46) 87 (48) 142 (63) 92 (53) 103 (57) fish=shellfish 26 (21) 58 (43) 24 (24) 42 (49) 46 (52) ANOVA followed by the multiple comparison test was used to test differences in diet scores between dietary clusters. Means within rows with different letter superscripts (c>b>a) are significantly different, P 0.05.
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were not related to the HDI and FS-MD groups. Haemoglobin values presented by cluster showed a higher haemoglobin value of the small alcohol cluster in comparison to the other clusters. For both diet scores, waist circumference was highest in the groups representing low dietary quality. In all regression models, waist circumference tended to be highest for those in the meat and fat cluster and lowest for those in the fish and grain cluster. This relationship between body fatness and dietary quality was also demonstrated with BMI.
Discussion
This study confirmed geographical differences in dietary intake. Two dietary patterns appeared at the macronutrient level: a profile high in complex carbohydrate and low in saturated fat in Framingham and Southern Europe and a profile low in complex carbohydrate and high in saturated fat in Northern Europe. At the food group and micronutrient level, a characterisation into two dietary patterns was not sufficient to cover differences between research centres. Cluster analysis made a more specific distinction into five dietary patterns: one pattern characterised Northern Europeans (meat and fat), another pattern typified Southern Europeans (fish and grain) and three other dietary patterns were evident (sugar, milk and fruit, alcohol). Different approaches to measurement of dietary quality (diet scores and cluster analysis) showed similarities in the classification of persons into dietary groups (low and high dietary quality). High quality diets were related to less body fatness, non-smoking and to greater physical activity.
Several attempts have been made to classify and quantify dietary quality (Huijbregts et al, 1997b; Kant 1996; Trichopoulou et al, 1995a; Tucker et al, 1992) . Because no ultimate method exists to classify dietary patterns, we related different dietary quality measures to nutritional and lifestyle variables. To include a high variety of dietary patterns we included data from the multi-centre SENECA study and the Framingham Heart Study. A disadvantage of such an approach is the potential introduction of methodological bias. Two different methods to measure dietary intake were used: a food frequency questionnaire (FFQ) in the Framingham Heart Study and a modified dietary history in the SENECA study. Two validation studies (Nes et al, 1991; Jain et al, 1996) indicated that both the FFQ and the modified dietary history provide higher intakes of nutrients in comparison to an estimated record method as reference. Further, the study of Jain et al (1996) showed that an FFQ is comparable to an interviewer-administered diet history as a predictor of nutrient intake. The macronutrient distribution of the food intake of the Framingham subjects was highly comparable to the values of the Southern Europeans. Comparisons of Hulshof et al (1993) between Northern European and US (CSFII) data confirm this Southern-related type of macronutrient profile of the US population. The high vitamin intake in Framingham can be explained by the different enrichment policies in Europe and the United States (Trichopoulou et al, 1995b) . In Padua and Betanzos dietary fibre intake appeared to be relatively low in comparison to the high reported intakes of the groups grains, fruit and fruit products, vegetables and legumes=nuts=seeds. In these centres, dietary fibre was not calculated following the standardised procedure (dietary fibre ¼ sum of polysaccharides and lignin). As a result, dietary fibre may be underestimated and affect the calculation of the HDI for a few persons.
The result of the cluster analysis procedure is dependent on multiple factors, including the clustering method, definition of food groups, expressed unit of the variables and the standardisation of variables (see Methods section). As the composition of clusters has a large subjective component, we compared our results with other studies. The identified clusters in the current study were highly comparable to the results of Huijbregts et al (1995) . They identified the following clusters in a study of Dutch elderly men: meat ANOVA followed by the multiple comparison test was used to test differences in diet scores between dietary clusters. Means within rows with different letter superscripts (c>b>a) are significantly different, P 0.05.
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A Haveman-Nies et al and refined sugars, alcohol and a healthy cluster (high in fruit, vegetables and grains). Also in other studies in Giessen (Germany) and the Boston area (MA, USA), a meat cluster, a milk and fruit and=or grain cluster and an alcohol cluster appeared (Boeing et al, 1989; Tucker et al, 1992) . In Europe and the United States several diet scores have been developed to measure overall dietary quality. In the current study, we calculated the non-validated scores HDI and MDS. The HDI is based on the WHO dietary guidelines for the prevention of chronic diseases (WHO, 1990) and is useful in a cross-cultural setting (Huijbregts et al, 1997a) . The MDS is based on the low rates of chronic diseases and the high life expectancy in countries bordering the Mediterranean sea (Amorim Cruz et al, 2001; WHO, 1994) . Despite this rationale behind the composition of these scores, neither score has been validated with dietary quality indicators. Therefore we related the diet scores with the individual diet components (data not shown). From the lowest to the highest diet scores, the mean intake of all individual components improved in both MD scores. For the HDI this relation appeared for all components, except for mono=disaccharides. Löwik et al (1999) also observed that a higher dietary quality score (simplified version of the HDI) is associated with a higher proportion meeting the individual scoring items, except for mono and disaccharides. Together, these results show that both HDI and MDS are reliable indicators of diet quality. A comparison of the dietary scores in our study to scores in the literature is difficult, because few studies report reference values; the HDI has been calculated but not replicated in an elderly population and the MDS has no definite cut-off values. However, in line with our results, Huijbregts et al (1997b) showed a higher mean HDI score for the Southern centre Italy in comparison with the Northern centres Finland and The Netherlands.
We compared diet scores and clusters to assess internal consistency. The three diet scores were highly correlated and the mean MDS distinguished clusters with a low (alcohol, meat and fat), average (sugar, milk and fruit) and high (fish and grain) diet score. The HDI score was only lower for the fat and meat cluster in comparison to the other four clusters. This reduced capability of the HDI to classify the five clusters probably results from the strict dietary guidelines for carbohydrates. Only 5% of the subjects met the dietary guideline of mono=disaccharides ( 10 energy%) and only 3% met the dietary guideline for polysaccharides (50 -70 energy%). In contrast to the WHO guidelines, the Dutch and US dietary guidelines are less strict for total carbohydrates (US: 50 -60 energy%; NL: ! 55 energy%) and mono-and disaccharides (NL: 15 -25 energy%, Hulshof et al, 1993; Millen et al, 1997) . Lowering the lower limit of the complex carbohydrates from 50 to 35 energy% and increasing the upper limit of mono and disaccharides from 10 to 15 energy% led to a 20% fulfilment of these dietary guidelines. Applying these limits to the HDI score in the current study yielded a result comparable to the MDS (data not shown). The results of the diet scores and the five-cluster solution in our study affirmed the existence of different dietary patterns, with the meat and fat cluster and the fish and grain cluster as the two extreme patterns. In a US population, Hu et al (1999) recently identified two major dietary patterns (using factor analysis) highly similar to our extreme patterns: (1) a prudent dietary pattern characterised by a high intake of fruit, vegetables, legumes, grains and fish, and (2) a Western pattern, characterised by a high intake of meat, butter, high-fat dairy products, eggs and refined grains.
In the two main studies SENECA and Framingham, smoking and physical activity were asked for with questionnaires that differed in some aspects. In the European centres the number of male smokers was greater than in Framingham, but included pipe and cigar use (about 10%). The physical activity questionnaires in both studies included the same type of questions (intensity and hours= day of activities), but the SENECA survey queries included specific household, sports and leisure-time activities in more detail than did the Framingham activity questionnaire. As a result, the activity scores of the European subjects were more highly dispersed than were those of the Framingham elders. In the Southern European centres, a high quality diet was not related to physical activity. Most likely, the explanation for this is that inactive Southern Europeans lived more often with their children than did physically active persons. Men who lived with their children had a higher diet score than men who lived alone. Considering these cultural differences, we found that in general the two healthy lifestyle factors non-smoking and physical activity were associated with higher dietary quality in most individual centres as well as in the grouped centres (Table 6 ). In line with this, Farchi et al (1994) described an increasing number of non-smokers and physically active subjects in the groups with high quality diets. Greenwood et al (2000) reported that a group of middleaged women with healthier food consumption patterns were more likely to take vigorous physical exercise. Several authors have demonstrated that non and past smokers had diets more in line with the dietary guidelines than did smokers (Cade & Margetts, 1991; Ma et al, 2000; Margetts & Jackson, 1993) .
In multi-centre studies, nutritional and lifestyle factors are influenced by cultural differences between research centres Trichopoulou & Lagiou, 1997) . Consequently, we carried out regression analysis with and without 'country' in our model. Adjustment for country is likely to result in an over-correction of the true association between dietary pattern and nutritional status, but with disregard of this confounder no adjustments are made for the higher valued non-diet-related differences across sites.
In our study we found no association between dietary quality and albumin and haemoglobin. In this population, albumin status and haemoglobin values were mainly within the normal range, reflecting the absence of serious health problems more than an optimal nutritional status (Dirren et al, 1991) . As an indicator for overweight, waist circumference (Molarius et al, 1999) was related to dietary quality. The analysis was replicated for men and women and all results pointed in the same direction: subjects with a low-quality diet were more overweight in comparison to subjects with a high-quality diet. This association between body composition and dietary quality has also been demonstrated in other studies (Greenwood et al, 2000; Haveman-Nies et al, 1998; Wirfält & Jeffery, 1997) .
In conclusion, the highly varied dietary intake in our European and American research populations could be summarised into a limited number of dietary patterns. Dietary scores and dietary clusters are two complementary measures to classify dietary quality. High-quality diets were positively related to other healthy lifestyle variables, including less body fatness, non-smoking, and greater physical activity.
